HE ACCURACY of the standardization for determination of bilirubin is at present open to question. This is a result of the fact that commercially available bffirubin preparations vary considerably in their chromogenicity in the azobilirubin reaction (1) and because a reliable standard of purity has never been established. Furthermore, difficulty in preparing biirubin solutions has led many workers to the use of artificial standards.
The investigation reported in this article is concerned with evaluation of purity of a number of commercial bifirubin preparations, preparation of "pure" biirubin, and study of the purity of the purified product.
EXPERIMENTAL AND RESULTS

DETERMINATION OF ABSORPTIVITIES OF COMMERCIAL PRODUCTS
Commercial preparations of bilirubin were dissolved in chloroform, A. R. grade, by shaking in the dark at room temperature. Stock solutions of 3.0 mg./50 ml. were prepared with the use of a microbalance. Dilutions of 1:10 were made, and absorbancy at 453 m, the absorption maximum, was read in a Beckman DU spectrophotometer against a blank of chloroform.
Absorptivities (molar extinction coefficients) based on a molecular weight of 584 are listed in Table 1 . It has been stated (2) that the color of biirubin is no criterion of purity, but rather that it represents the physical state of the preparation. Nevertheless, the only two commercial preparations that were orange, those of Pfanstiehl and Matheson, Coleman & Bell, had ab-sorptivities in chloroform of 58,900 and 58,600, respectively. All other commercial preparations were brown and had absorptivities of 56,800 or less. The Pfanstiehl and Matheson, Coleman & Bell products were completely soluble in chloroform. All other commercial products contained some insoluble brown material.
The absorptivities of azobilirubin formed from the commercial bilirubins were determined by the method of Malloy and Evelyn (3) and are presented in Table 1 . The bilirubins were dissolved in 0.2% Na2CO3 in the dark at room temperature and were used within 1 hr. of preparation.
The reaction mixtures were composed of 1 ml. of diazo reagent and 4 ml. of water, to which was added a mixture of 4.9 ml. of methanol and 0.1 ml. of the bilirubin solution containing 20 g. of the product.
Readings were made at 40 mm. at 545 m/L, the absorption peak, against a water blank. Color reached a stable maximum by 30 mm. The values given in Table 1 are calculated on the basis of an equivalent amount of bilirubin, and hence the values are not true absorptivities of the colored products. The values are corrected for the 3 per cent decrease in volume occurring when equal volumes of methanol and aqueous solution are mixed. Impure prod-ucts were more easily soluble n Na2CO3 than in CHC13, although a small amount of insoluble material always remained.
Preparations of high purity were completely and rapidly soluble in 0.2% Na2CO3.
Moisture contents of several of the commercial products are also given in Table 1 . These were determined from losses in weight after drying over P205 in a vacuum desiccator.
For practical purposes the moisture content may be ignored. Absorptivities for the commercial products are uncorrected for moisture.
EFFECT OF CHLOROFORM ON AZOBILIRUBIN COLOR
Since bilirubin is practically insoluble in methanol, it is customary in standardizing the Malloy-Evelyn technic to dissolve bilirubin in chloroform and then to employ a dilution in methanol for the standard. Bilirubin does not precipitate out of the dilutions ordinarily employed. If one employs a standard equivalent to 5 mg. of biirubin per 100 ml. of serum in the Malloy-Evelyn test (3), the final volume of the test (9.7 ml.) contains 0.05 ml. chloroform. Figure 1 shows the effect of chloroform on intensity of the azo color in standards of the Malloy-Evelyn technic as they were run (final concentrations of methanol, 50% aqueous carbonate solutions of bilirubin were used in this study of azobilirubin absorptivities.
PURIFICATION OF COMMERCIAL BILIRUBIN PRODUCTS
In patented procedures (4-6) an organic solvent extract of bilirubin is treated with a weak base to remove strongly acidic impurities; the bilirubin is extracted with Na2CO3, forming the sodium salt; ethanol is added, and the bilirubin is precipitated by acidification. The procedure for purification employed in this study was as follows: Two hundred mffligrams of bilirubin were dissolved in 400 ml. of chloroform by shaking for about 30 mm. Insoluble material was removed by filtration.
The solution was washed twice with 40-mi. portions of 5% sodium bicarbonate. The chloroform phase was ifitered, and the biirubin was extracted twice with 40-mi. portions of 5% sodium carbonate containing a pinch of sodium hydrosulfite.
The combined aqueous phase and emulsion that sometimes appeared at the interface of the solvent layers was washed with 100 ml. of chloroform, about 50 ml. of water were added to aid in separation of the phases, and the aqueous portion was ifitered. The bilirubin was then extracted with 100 ml. of chloroform containing 5 ml. of glacial acetic acid. The aqueous phase was extracted with an additional 40 ml. of chloroform, and the solvent extracts were combined and filtered. After drying over anhydrous Na2SO4, the solution was evaporated with the aid of a stream of nitrogen at less than 40#{176} to a volume of 5-10 ml. Much of the bifirubin crystallized during this process. About 1.5 volumes of ether were added, and, after standing in the refrigerator overnight, the bilirubin was collected by centrifugation and the product washed twice with 5-mi. portions of ether. The purified biirubin was dried overnight over anhydrous CaC12 in a vacuum desiccator.
An average recovery of 50 per cent was obtained with this method.
Values for the absorptivities of the preparations are given in Table  1 . A second purification of commercial products appeared to yield no significant increase in absorptivities over those obtained in the first purification.
All purified preparations were completely and rapidly soluble in CHC13 and 0.2% Na2CO3. The mean absorptivity of the purified products in chloroform was 60,100 (range 59,100-60,700). The mean absorptivity of the azobilirubin was 64,100 (range 63,500-64,600).
The ratio, absorptivity of bilirubin in CHC13/absorptivity of azo- biirubin, varied from 0.87 to 1.01 (mean of 0.945) for the unpurified commercial products and from 0.93 to 0.96 (mean of 0.94) for the purified preparations.
WAVELENGTH (MICRONS)
TEST OF PURITY
Purified preparations exhibited no melting point; this conIlrms a previous report (2) . No differences were detectable in the shapes of ultraviolet absorption curves of solutions of pure and impure bilirubins in 0.2% sodium carbonate. Infrared spectra were obtained on commercial (llogau and Pfanstiehl twice purified biirubin preparations, using a Model 13, Perkin-Elmer spectrophotometer. The cause of this discrepancy is not clear. In washing chloroform solutions of impure bilirubins with 5% sodium bicarbonate, it was noted that brown-colored material was extracted.
Some of the products were subjected to the following test: One milligram of bilirubin was shaken slowly in the dark for 25 mm. with 40 ml. of C11C13 and 5 ml. of 5% sodium bicarbonate. An aliquot of the chloroform phase was suitably diluted with more chloroform, and the visible absorption curves of this chloroform dilution and the sodium bicarbonate phase were obtained in a PerkinElmer recording spectrophotometer, Model 4000-A. The absorption with calculated values for the undiluted chloroform phase. Significant amounts of colored material were extracted from impure bilirubin into sodium bicarbonate, whereas a very small amount was obtained from those of high purity.
A sodium bicarbonate extract, showing an absorption peak at 415-425 m, was acidified and extracted back into chloroform.
The peak now appeared at 435 m. The sodium bicarbonate extracts rich in the brown material gave a positive diazo reaction.
Since this material was not extractable from the chloroform into water and since the sodium bicarbonate solutions gave a positive diazo reaction only after the addition of methanol, it was concluded that the material was not bilirubin glucuronide. Two bilirubin preparations (Eastman Kodak, Lot 22, and Glogau, twice purified), were chromatographed on Whatman No. 1, paper* using (1) chloroform, (2) 1% ammonium hydroxide in n-butanol and (3) n-butanol-acetic acidwater (8:2:2) in an effort to demonstrate contaminants in the unpurified preparation.
In addition, 1% ammonium hydroxide in 'iibutanol and solvent systems A and B of Cole, Lathe, and Billing (8) were used with siliconized Whatman No. 1 paper. Descending chromatograms were run in the dark in nitrogen-flushed tanks. With CHC13 alone, the bilirubin migrated, and there was more yellow trailing with the impure preparation than with the purified one. In the ammonia-butanol system, using both siliconized and unsiliconized *H. Reeve Angel & Co.
paper, streaking from the origin occurred with both bilirubin preparations.
The purified bilirubin did not migrate in the other solvent systems, but in the case of the impure bilirubin, a small amount of yellow material migrated as a streak from the origin. The strips were dried and dipped in neutral diazo reagent.
In every case the yellow streaks gave a positive reaction.
The position of the streaks relative to bilirubin suggest that the colored impurities were more polar. This is in agreement with the experiments in which bilirubin preparations were partitioned between C11C13 and sodium bicarbonate. The fact that appreciable increases in absorptivity of azobilirubin were achieved in the process of purification of some of the commercial products would indicate that a major fraction of the impurities removed either did not give the diazo reaction or at least yielded a markedly lower absorptivity in the diazo reaction.
CONCLUSIONS
Suggested standards for pure bilirubin are as follows: 60,100 for absorptivity at 453 m in chloroform; 64,100 for absorptivity (based on an equivalent amount of bilirubin, molecular weight of 584) of azobilirubin at 545 m, when the diazo reaction is carried out by the technic presented.
Because the ratio, absorptivity of bilirubin in CHC13/absorptivity of azobilirubin, varied significantly between impure preparations (Table 1) , it is concluded that standardization of the determination of bilirubin with an impure bilirubin preparation and correction of the standard from the absorptivity of that preparation in chloroform is not valid.
The following alternatives are available for standardization of bilirubin tests: (1) Standardization from the absorptivity of azobilirubin, as suggested above; this approach is not generally advisable unless a reference standard is unavailable;
(2) checking the azobilirubin absorptivity of the commercial product and, if not close to that of pure bilirubin, then purification, or correction of the absorbancy obtained on the standard (A8) as follows.
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DISCUSSION
Absorptivities of supposedly pure bilirubin in chloroform reported in the literature have varied significantly: 55,000-56,000 (2), 53,200-56,600 (9), 59,800 (1), and 60,000 (10) . In most of the reported research involving bilirubin determinations, results have been obtained using commercial biirubin preparations of varying purity. It is hoped that this presentation will constitute a step toward establishment of a standard of purity for bilirubin that in turn should lead to more accurate bilirubin determinations.
SUMMARY
The purity of a number of commercial biirubin preparations has been examined. A technic of purification of bilirubin is presented and certain characteristics of the product examined.
Tentative standards of purity for bilirubin are proposed.
